04/08/2005 08:40 FAX 9372230724 



0INSM0RE & SHOHL DAYTON 



©003/031 



Serial No. 09/903, Id 1 

Docket : M10 0076 PA/40509.145 

Amendments Co the Claims: 

This listing of claims will replace all prior versions, and lists, of claims in the application: 

1 . (Currently amended) A computer system comprising: 

a central processing unit; 

a memory module, said memory module comprising a first memory bank of substantially 
identical memory chips, a second memory bank of substantially identical memory chips, and a 
plurality of system bus connectors, said first and second memory banks each comprising a 
plurality of pin assignments, one pin assignment from each said first and second memory banks 
coupled to an associated one of said plurality of system bus connectors, wherein at least one of 
said plurality of bus connectors is coupled to non-identical pin assignments of said first and 
second memory hanks^wherein s aid non-id entical pin assignm ents have internal a ssignments, jor 
Mice functi ons in a bilater ally symmetrical a n'anjagmgnt; and, 

a system bus coupling said central processing unit to said plurality of system bus 
connectors of said memory module, wherein said central processing unit places information on 
said system bus mapped to a first pattern corresponding with said pin assignments of said first 
memory bank when accessing said first memory bank, and said information mapped to a second 
pattern corresponding with said pin assignments of said second memory bank when accessing 
said second memory bank. 

2. (Original) A computer system according to claim 1, wherein said central processing unit 
further comprises a basic input output system program and a processor, said processor executing 
said basic input output system program, wherein said processor places snid information on said 
system bus, said information arranged by said basic input output system in said first pattern when 
accessing said first memory bank, and in said second pattern when accessing said second 
memory bank. 
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3. (Original) A computer system according lo claim 2. further comprising an operating system 
loaded into said memory device and executed by said processor, said operating system arranged 
to communicate information to said basic input output system, wherein said basic input output 
system arranges said information in a first pattern when said processor accesses said first 
memory bank, and a second pattern when said processor accesses said second memory bank. 

4. (Original) A computer system according lo claim 1 , wherein said memory module further 
comprises a plurality or memory modules, and said computer system further comprises a memory 
controller, said address bus coupling said central processing unit to said memory controller, and 
said memory controller to each of said plurality of memory modules. 

5. (Previously Presented) A computer system according lo claim 1 , wherein said memory 
module further comprises: 

a substrate; 

at least one memory chip mounted on said substrate defining said first memory bank, 
each said at least one memory chip comprising a plurality of pins, one pin associated with a 
respective one of said plurality of pin assignments; 

at least one memory chip mounted on said substrate defining said second memory bank, 
each said memory chip comprising a plurality of pins, one pin associated with a respective one of 
said plurality of pin assignments; and, 

a plurality of circuit traces, each circuit trace coupling one pin assignment from each said 
first and second memory banks to an associated one of said plurality of system bus connectors, 
wherein at least one of said plurality or bus connectors is coupled lo non-identical pin 
assignments of said first and second memory banks and wherein said plurality of system bus 
connectors comprises a plurality of pads mounted along one edge of said substrate. 
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6. (Original) A computer system according to claim 5, wherein said substrate further comprises a 
first major surface and a second major surface, said llrsl memory bank mounted to said first 
major surface of said substrate, and said second memory bank mounted to said second major 
surface of said substrate. 

7. (Original) A computer system according to claim 6. wherein said first and second memory 
banks comprise the identical number and configuration of memory chips, and said memory chips 
mounted on said second major surface of said substrate align in register with said memory chips 
mounted on said first major surface. 

8. (Original) A computer .system according to claim 7. wherein said substrate further comprises a 
plurality of vias, each of said vias adjacent to, and coupling a select one of said plurality of pins 
on said memory chips on said first major surface to a select one of said plurality of pins on said 
memory chips on said second major surface. 

9. (Previously Presented) A computer system according to claim 8, wherein: 

said plurality or system bus connectors further comprise a plurality or address bus 
connectors; 

each said memory chip comprises a plurality of address pins arranged bilaterally 
symmetrical; 

each of said plurality of address pins is associated with a respective one of said plurality 

of pin assignments; and. 

said plurality of vias positioned on said substrate such that each via is adjacent to. and 
couples a select one of said plurality of address pins comprising a first pin assignment and 
positional on said first major surface, to a select one of said plurality of address pins comprising 
a second pin assignment different from said first pin assignment, and located on said second 
major surface, to a respective one of said plurality of address bus connectors. 
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10. (Original) A computer system according to claim 9, wherein said system bus further 
comprises an address bus coupled between said central processing unit and said address bus 
connectors, wherein said central processing unit places an address on said address bus mapped to 
a first pattern corresponding with said pin assignments of said first memory bank when accessing 
said first memory hank, and said address mapped to a second pattern corresponding with said pin 
assignments of said second memory bank when accessing said second memory bank. 

1 1 . (Original) A computer system according to claim 1 0, wherein said address comprises a 
plurality of address hits, said first pattern comprises arranging said plurality of address bits in a 
sequence that aligns with the corresponding pin assignments of said address pins of said first 
memory bank, and said second pattern comprises arranging said plurality of address bits in a 
sequence that aligns with the corresponding pin assignments of said address pins of said second 
memory bank. 

12. (Previously Presented) A computer system according to claim 8. wherein: 

said plurality of system bus connectors further comprise a plurality of command bus 
connectors; 

each said memory chip comprises a plurality of command pins arranged bilaterally 
symmetrical; 

each of said plurality of command pins associated with a respective one of said plurality 

o f p i n ass i gn.ni ent s; and , 

said plurality of vias are arranged on said substrate such that each via is adjacent to, and 
couples a select one of said plurality of command pins comprising a first pin assignment and 
positioned on said first major surface, to a select one of said plurality of command pins 
comprising a second pin assignment different from said first pin assignment, and located on said 
second major surface, to a respective one of said plurality of command bus connectors. 
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1 3. (Original) A computer system according to claim 1 2, wherein said system bus Jiirtiicr 
comprises a command bus coupled between said central processing unit and said command bus 
connectors, wherein said central processing unit places a command on said command bus 
mapped to a first pattern corresponding with said pin assignments of said first memory bank 
when accessing said first memory bank, and said command mapped to a second pattern 
corresponding with said pin assignments of said second memory bank when accessing said 
second memory bank. 

14. (Original) A computer system according to claim 13. wherein said command comprises a 
plurality or command bits, said first pattern comprises arranging said plurality of command bits 
in a sequence that aligns with the corresponding pin assignments of said command pins of said 
first memory bank, and said second pattern comprises arranging said plurality or command bits 
in a sequence that aligns with the corresponding pin assignments of said command pins defining 
said second memory bank. 

1 5. (Currently amended) A computer system comprising: 

a central processing unit comprising a processor and a basic input output system program; 

a memory module, said memory module comprising a first memory bank of substantially 
identical memory chips, a second memory bank of substantially identical memory chips, and a 
plurality of system bus connectors; 

said first and second memory banks each comprising a plurality of pin assignments, 
respective pin assignments of said first memory bonk correspond to functions that are identical to 
functions corresponding to respective pin assignments on said second memory bank, each ptn 
assignment from each said first and second memory banks coupled to an associated one of said 
plurality of system bus connectors, wherein at least one of said plurality of system bus connectors 
is coupled to non-identical pin assignments of .said first and second memory hanks , wherein s aid 
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s ymmetrical arrange ment; 

a system bus coupling said central processing unit to said plurality of system bus 
connectors of said memory module, wherein said central processing unit places information on 
said system bus corresponding to a function associated with at said pin assignments, said 
information comprising a plurality of bits arranged in a bit pattern, said bit pattern arranged by 
said basic input output system to a first pattern corresponding with said pin assignments of said 
first memory bank when accessing said first memory bonk., and said bit pattern arranged to a 
second pattern corresponding with said pin assignments of said second memory bank when 
accessing said second memory bank. 

16. (Currently amended) A computer system comprising: 

a central processing unit comprising a processor and a basic input output system program; 

a memory module, said memory module comprising a first memory bank ofsubstantially 
identical memory chips, a second memory bank of substantially identical memory chips, and a 
plurality of system bus connectors, said first and second memory banks each comprising a 
plurality or system pin assignments, each of said plurality of system bus connectors connecting to 
an associated one of said plurality of system pin assignments of said first memory bank, and to an 
associated one of said plurality of system pin assignments of said second memory bank, wherein 
at least one of said plurality of system bus connectors connects to non identical system pin 
assignments of said first and second memory banks^hercjuisjto 
haw internal assiwim'unte for like functions in a bil atcrallv svmm etrieal ajTangcmcnj; 

an operating system run by said processor; and, 

a system bus coupling said central processing unit to said plurality of system bus 
connectors of said memory module, wherein said operat ing system requests information from 
said processor, and said processor places said information on said system bus mapped by said 
basic input out put system to a first pattern corresponding with said system pin assignments of 

-7 - 



PAGE 8131 • RCVD AT 41812005 8:39:10 AM [Eastern Daylight Time]* SVR:USPTO-EFXRF-2IO 1 DNIS:7464272 * C$ID:9372230724 * DURATION (mm*ss):10-06 



04/08/2005 08:42 FAX 8372230724 DINSMORE 8 SHOHL OAVTON 0008/031 



Serial No. 09/903,161 

Docket : MIO 0076 PA/40509. 1 45 

said first memory bank when accessing said ilrsl memory bank, and mapped to a second pattern 
corresponding with said address pin assignments of said second memory bank when accessing 
said second memory bank. 

1 7. (Currently amended) A computer system comprising: 
a central processing unit; 

a memory module, said memory module comprising: 
an address bus connector; 

o first memory bank of substantially identical memory chips, said first memory 
bank comprising a plurality ofaddrcss pin assignments coupled to said address bus 
connector in a first pattern; and. 

a second memory bank of substantially identical memory chips, said second 
memory bank comprising a plurality of address pin assignments coupled to said address 
bus connector in a second pattern, wherein said first and second patterns are not identical 
such thai an address at said address bus connector corresponds to a first address read by 
said first memory bank, anil a second address different from said first address read by said 
second memory bank^.whereui sj^^ 

have internal assignmen ts lor like fun ctions -injjjiilalerailyjsyn^^ 
and, 

an address bus coupling said central processing unit to said address bus connector of said 
memory module., wherein said central processing unit places an address on said address bus 
mapped to correspond with said first pattern when accessing said first memory bank, and mapped 
to correspond with said second pattern when accessing said second memory bank. 

1 8. (Currently amended) A computer system comprising: 
a central processing unit; 

a system bus coupled to said central processing unit, said system bus comprising a 
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pluralily of system bus lines, each of said plurality of system bus lines corresponding to a unique 

system bus assignment; and, 

a memory device comprising: 

a system bus connector coupled to said system bus, said system bus connector 
comprising a plurality of bus line connectors, each of said pluralily of bus line connectors 
arranged to correspond wit]) a respective one of said system bus lines; 

a first memory bank comprising a plurality or&ubstanlially identical memory 
chips and a pluralily of pins, each said pin corresponding to a unique pin assignment 
each of said address pin assignments connected to an associated one of said plurality of 
bus line connectors such that said pin assigiunents of said first memory bank are identical 
to said system bus assignments; and. 

a second memory bank comprising a plurality of substantially identical memory 
chips and a plurality of pin assignments, each of said pin assignments connected to an 
associated one of said plurality of bus line connectors such that said pin assignments of 
said second memory bank are not identical to said system bus assignments , whe rein said 
pin as signments of sai d first memory hank and said pin a ssi gnments o f said_sej^>nd 
memory ha n k have internal assignments for lik e f unctions in a bi lat erally symme trical 
arrangement, wherein said central processing unit communicates with said memory 
device by placing information on said system bus, and reading information from said 
syslem bus, said information comprising a plurality of bits, each bit associated with one 
system bus line, and wherein said central processing unit is configured to encode 
information placed on said system bus to a coded pattern when interfacing with said 
second memory bank. 

I <)_ (Original) A computer system according to claim 1 8, wherein said coded pattern is defined 
by rearranging said Bits defining said information to correspond to said pin assignments of said 
second memory bank. 
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20. (Currently amended) A computer system comprising: 

a central processing unit, said central processing unit comprising a processor and a basic 
input output system program; 

a memory module, said memory module comprising a first memory bank of substantially 
identical memory chips, a second memory bank of substantially ideniical memory chips, and a 
plurality oT system bus connectors, said first and second memory banks each comprising a 
plurality of pin assignments, one pin assignment from each said first and second memory banks 
coupled to an associated one of said plurality of system bus connectors, wherein at least one of 
said plurality of bus connectors is coupled to non-identical pin assignments of said first: and 
second memory banks , wherein said non-identical pin a ssignments hav cMcn^^ 
like func tions in a bi later ally symmetrical arran j^iiicrit; and, 

a system bus comprising a plurality of physical bus lines, each of said physical bus lines 
coupling said central processing unit to a respective one of said plurality of system bus 
connectors or said memory module, said system bus arranged to transfer information between 
said memory module and said central processing unit, said information comprising a plurality or 
iogical bits, one logical bit per physical bus line, wherein said basic input output system is 
configured to arrange said information in a first, pattern by ordering said plurality of logical bits 
to bit positions that correspond to said pin assignments of said first memory bank, and said basic 
input output system is configured to arrange said information in a second pattern by ordering said 
plurality of logical address bite to bit positions that correspond to said address assignments of 
said second memory bank. 

2 1 . (Original ) A computer system according to claim 20, wherein an assignment of at least one 
logical bit does not correspond with a physical bit assignment of a corresponding physical bus 
line, but said assignment of said at least one logical bit does correspond with an associated pin 
assignment to which said at least one logical bit is coupled. 
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22. (Currently amended) A computer system comprising: 

a central processing unit comprising a plurality of system bus connectors, each of said 
system bus contacts corresponding to a unique bus assignment; 

a system bus comprising a plurality or system bus lines; 

a remap multiplexer swilchable from a first slate wherein each of said system bus lines 
arc coupled to a corresponding one of said system bus connectors, to a second state wherein al 
least two of said bus lines are swapped so as to couple to different ones of said system bus 
connectors; and 

a memory module coupled to said system bus, said memory module comprising a first 
memory bank of substantially identical memory chips, a second memory bank of substantially 
identical memory chips, and a plurality of system bus connectors, said first and second memory 
banks each comprising a plurality of pin assignments, one pin assignment from each said first 
and second memory banks coupled to an associated one of said plurality of system bus 
connectors, wherein at least one of said plurality of bus connectors is coupled to non-identical 
pin assignments of said first and second memory banks , wherein said .n pn-identica lr>m 
assignments h ave internal assignment s for like functions in a hilajcjall^^nTgujcaJ 
arrangeme nt, and each of said plurality of system bus connectors coupling to a corresponding one 
of said system bus lines. 

23. (Original) A computer system according to claim 22, wherein said remap multiplexer 
comprises first and second multiplexers, each of said first and second multiplexers comprising a 
first and second input s, an output and a control input, wherein a first one of said system bus lines 
is coupled to said first input of said first multiplexer and to said second input of said second 
multiplexer, and a second one of said system bus lines is coupled to said second input of said 
first multiplexer and said first input of said second multiplexer, said first and second multiplexers 
configured to switch between a first stale where said first one of said system bus lines appears at 
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said output of said first multiplexor and said .second one of said system bus lines appears at said 
output of said second multiplexer, and a second state where said second one of said system bus 
lines appears at said output of said first multiplexer and said first one of said system bus lines 
appears at said output of said second multiplexer based upon a control signal appearing at said 
control inputs. 

24. (Previously Presented) A computer system according to claim 23, further comprising: 

a memory controller coupled to said system bus, said memory controller connected to 
said control input of each of said first and second multiplexers, wherein said memory controller 
is configured to toggle said first and second multiplexers in said first state when said central 
processing unit communicates with said first memory bank, and said memory controller is 
configured to switch said first and second multiplexers to said second stale when said central 
processing unit communicates with said second memory bank. 

25. (Original) A computer system according to claim 24, wherein said remap multiplexer is 
coupled to said system bus between said central processing unit and said memory controller. 

26. (Original) A computer system according to claim 24, wherein said remap multiplexer is 
coupled to said system bus between said memory controller and said memory device. 

27. (Original) A computer system according to claim 24, wherein said remap multiplexer is 
integral with said memory controller. 

28. (Original) A computer system according to claim 27, wherein said memory controller 
comprises a buffered system bus driver between said remap multiplexer and said memory device. 

29. (Original) A computer system according to claim 28, wherein said memory controller 
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comprises a buffered system bus register, wherein said remap multiplexer is coupled to said 
system bus between said buffered system bus register and said memory device. 

30. (Previously Presented) A computer system according to claim 24, wherein said memory 
module further comprises: 

a substrate; 

at least one memory chip mounted on said substrate defining said first memory bank; 
each said memory chip comprising a plurality of pins, one pin associated with a respective one of 
said plurality of pin assignments; 

at least one memory chip mounted on said substrate defining said second memory bank, 
each said memory chip comprising a plurality of pins, one pin associated with a respective one of 
said plurality of pin assignments; and, 

a plurality of circuit traces, each circuit trace coupling one pin assignment 1 from each said 
first and second memory banks to an associated one of said plurality of system bus connectors, 
wherein at least one of said plurality of bus connectors is coupled to non-identical pin 
assignments of said first and second memory banks and wherein said plurality of system bus 
connectors comprises a plurality of pads mounted along one edge of said substrate. 

31. (Original) A computer system according to claim 30, wherein said substrate farther 
comprises a llrst major surface and a second major surface, said first memory bank mounted to 
said first major surface of said substrate, and said second memory bank mounted to said second 
major surface of said substrate. 

32. (Original) A computer system according to claim 31, wherein said llrst and second memory 
banks comprise the identical number and configuration or memory chips, and said memory chips 
mounted on said second major surface of said substrate align in register with said memory chips 
mounted on said first major surface. 
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33. (Original) A compulcr system according to claim.- 32, wherein said substrate further 
comprises a plurality of vias, each of said vias adjacent to. and coupling a select one orsaid 
plurality of pins on said memory chips on said first major surface to a select one of said plurality 
of pins on said memory chips on said second major surface. 

34. (Previously Presented) A computer system according to claim 33, wherein: 

said plurality of system bus connectors furt her comprise a plurality of address bus 
connectors; 

each said memory chip comprises a plurality of address pins arranged bilaterally 
symmetrical; 

each of said plurality of address pins associated with a respective one of said plurality of 
pin assignments; and. 

said plurality of vias arc arranged on said substrate such that each via is adjacent lo, and 
coupling a select one of said plurality of address pins comprising a first pin assignment and 
positioned on said first major surface, to a select one of said plurality of address pins comprising 
a second pin assignment different from said first pin assignment, and located on said second 
major surface, to a respective one of said plurality of address bus connectors. 

35. (Original) A computer system according to claim 34, wherein said system bus further 
comprises an address bus coupling said central processing uniL said memory controller, said 
remap multiplexer and said address bus connectors, wherein said central processing unit places 
an address on said address bus and said remap multiplexer maps said address lo a first pattern 
corresponding with said pin assignments of said first memory bank when accessing said first 
memory bank, and said remap multiplexer maps said address to a second pattern corresponding 
with said pin assignments of said second memory bank when accessing said second memory 
bank. 
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36. (Original) A computer system according to claim 35, wherein said'address comprises a 
plurality of address bits, said first pattern comprises arranging said plurality of address bits in a 
sequence thai aligns with the corresponding pin assignments of said address pins of said first 
memory bank, and said second pattern comprises arranging said plurality of address bits in a 
sequence that aligns will) the corresponding pin assignments of said address pins defining said 
second memory bank. 

37. (Original) A computer system according to claim 35, wherein said remap multiplexer 
comprises a multiplexing circuit for each pair of bilaterally symmetrical address pins, each of 
said multiplexing circuits arranged to switchably swap address lines associated with said 
respective symmetrical address pins. 

38. (Original) A computer system according to claim 35. wherein each said multiplexing circuit 
comprises first and second multiplexers, each of said first and second multiplexers comprising a 
first and second input, an output and a control input, wherein a first one of said address bus lines 
is coupled to said first input of said first multiplexer and to said second input of said second 
multiplexer, and a second one of said address bus lines is coupled to said second input of said 
first multiplexer and said first input of said second multiplexer, said first and second multiplexers 
switching between a non-switched slate where said first one of said address bus lines appears at 
said output of said first multiplexer and said second one of said address bus lines appears at said 
output of said second multiplexer, and a switched state where said second one of said address bus 
lines appears at said output ofsaid first multiplexer and said first one of said address bus lines 
appears at said output of said second multiplexer based upon a control signal appearing at said 
control inputs. 

39. (Original) A computer system according to claim 37, wherein said memory controller has a 
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control signal coupled to each said control inputs of said first and second multiplexers uracil 
said multiplexing circuits, said memory controller arranged to switch said control inputs such 
that all said first and second multiplexers are in said non-switched stale or all said first and 
second multiplexers are in said switched state, 

40. (Previously Presented) A computer system according to claim 33. wherein: 

snid plurality of system bus connectors further comprise o plurality of command bus 
connectors; 

each said memory chip comprises a plurality of command pins arranged bilaterally 
symmetrical: 

each of said plurality of command pins associated with a respective one of said plurality 
oTpin assignments; and, 

said plurality of vias arranged on said substrate such that each via is adjacent to, and 
coupling a select one of said plurality of command pins comprising a first pin assignment and 
positioned on said first major surface, to a select one of said plurality of command pins 
comprising a second pin assignment different from said first pin assignment, and located on said 
second major surface, to a respective one of said plurality of command bus connectors. 

41 , (Original) A computer system according to claim 40, wherein said system bus further 
comprises a command bus coupling said centra) processing unit, said memory controller, said 
remap multiplexer and said command bus connectors, wherein said central processing unit places 
a command on said command bus and said remap multiplexer maps said command to a first 
pattern corresponding with said pin assignments of said first memory bank when accessing said 
first memory bank, and said remap multiplexer maps said command to a second pattern 
corresponding with said pin assignments of said second memory bank when accessing said 
second memory bank. 
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42. (Original) A computer system according to claim 41, wherein said command comprises a 
plurality of command bits, said first pattern comprises arranging said plurality of command bits 
in a sequence thai aligns with the corresponding pin assignments of said command pins of said 
iirst memory batik, and said second pattern comprises arranging said plurality of command bits 
in a sequence that aligns with the corresponding pin assignments of said command pins defining 
said second memory bank. 

43. (Original) A computer system according to claim 41 . wherein said remap multiplexer 
comprises a multiplexing circuit for each pair of bilaterally symmetrical command pins, each of 
said multiplexing circuits arranged to switchably swap command lines associated with said 
respective symmetrical command pins. 

44. (Original) A computer system according to claim 43, wherein each said multiplexing circuit 
comprises first and second multiplexers, each of said first and second multiplexers comprising a 
first and second input, an output and a control input, wherein a first one o f said command bus 
lines is coupled to said first input of said first multiplexer and to said second input of said second 
multiplexer, and a second one of said command bus lines is coupled to said second input orsaid 
first multiplexer and said first input of said second multiplexer, said first and second multiplexers 
switching between a non-switched stale where said first one of said command bus lines appears 
at said output of said first multiplexer and said second one of said command bus lines appears at 
said output of said second multiplexer, and a switched state where said second one of said 
command bus lines appears at said output of said first multiplexer and said first one of said 
command bus lines appears at said output of said second multiplexer based upon a control signal 
appearing at said control inputs. 

45. (Original) A computer system according to claim 44, wherein said memory controller has a 
control signal coupled to each said control inputs of said first and second multiplexers of each 
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said multiplexing circuits, said memory controller arranged lo switch said control inputs s 
lhat all said first and second multiplexers are in said non-switched state or all said first an 
second multiplexers are in said switched stale. 

46. (Canceled) 



47. (Canceled) 

48. (Currently amended) An integrated circuit memory chip comprising: 

a circuit package; 

a first multiplexer contained within said circuit package Qfsajdjiticgratcil cijrcyjtjmemp.a 
chicsaid fust multiplexer comprising a first input, a second input, a control signal input., and an 
output; 

a second multiplexer contained within said circuit package orsajdjimc^r^ 
memory chin , said second multiplexer comprising a first input, a second input, a control signal 
input, and an output; 

a first pin extending from said circuit package and coupled lo said first input of said first 
multiplexer and said second input of said second multiplexer; 

a second pin extending from said circuit package and coupled to said second input of said 
first multiplexer and said first input of said second multiplexer; 

a first pin assignment coupled lo said output of said first multiplexer; 

a second pin assignment coupled to said output of said second multiplexer; and. 

a circuit coupled to said first and second pin assignments, wherein said first and second 
multiplexers are switehablc between a first state wherein each said first and second multiplexers 
connect said first input to said output, and a second slate wherein each said first and second 
multiplexers connect said second input to said output. 



18 ■ 



PAGE 19/31 * RCVD AT 4/S/2005 8:39:10 AM {Eastern Daylight Time] s SVR:USPTO-EFXRF-2/0 * DNIS:7464272 * CSID:93722^)724 * DURATION (mm-ss):10-06 



04/08/2005 08:46 FAX 9372230724 



DINSMORE & SHOHL DAYTON 



0 020/031 



Serial No. 09/903 J61 

Docket : MIO 0076 PA/40509. 145 

49. (Previously Presented) An integrated circuit memory chip according to claim 48, wherein 
said first and second pins arc arranged on said circuit package in a bilaterally symmetrical 
arrangement. 

50. (Previously Presented) An integrated circuit memory chip according to claim 48, further 
comprising a third pin extending from said circuit package and coupled lo said control signal 
input of said first and second multiplexers. 

5 1 . (Previously Presented) An integrated circuit memory chip according to claim 48, wherein 
said control signal input of said first and second multiplexers are coupled to internal logic, said 
internal logic arranged to switch said first and second multiplexers between said first and second 
states. 

52. (Previously Presented) An integrated circuit memory chip according to claim 5 1 1 wherein 
said internal logic comprises a mode register. 

53. (Currently amended) An integrated circuit memory chip comprising; 

a circuit package; 

a circuit contained within said circuit package; 
a plurality of pins extending from said circuit package; and. 
a remap multiplexer contained within said circuit package of said in te grated c ircuit 
memory chip ,, said reroute remap multiplexer comprising: 

a first multiplexer comprising a first input, a second input, a control signal input, 
and an output, said first input coupling to a first one of said pins and said second input 
coupled lo a second one of said pins; 

a second multiplexer comprising a first input, a second input, a control signal 
input, and an output, said first input coupled to said second one of said pins and said 

- 19 - 



PAGE 20131 * RCVD AT 4/8/2005 8:39:10 AM [Eastern Daylight Time] ' $VR:U$PTO-EFXRF-2/0 ' DNIS:7464272 * CS1D:9372230724 * DURATION (mm-ss):10-06 



04/08/2005 08:46 FAX 9372230724 



0INSM0RE & SHOHL DAYTON 



0021/031 



Serial No. 09/903.161 

Dockcl : MIO 0076 PA/40509. 145 

second input coupled lo said first one or said pins; 

a lirsl pin assignmenl coupling said output of said llrst multiplexer lo said circuit; 

and. 

a second pin assignment coupling said output of said second multiplexer lo said 
circuit, wherein said remap multiplexer is switchable between a first state wherein each 
said first and second multiplexers connect said first inpul lo said output, and a second , 
stale wherein each said firsl and second multiplexers connect said second input to said 
output. 

54. (Previously Presented) An integrated circuit memory chip according to claim 53, wherein 
said conlrol signal input of said first and second multiplexers are each coupled to a third one of 
said plurality orpins on said circuit package. 

55. (Previously Presented) An integrated circuit memory chip according to claim 53, wherein 
said conlrol signal inputs of said first and second multiplexers are coupled to internal logic, said 
internal logic arranged to switch said remap multiplexer between said first and second states. 

56. (Previously Presented) An integrated circuit memory chip according to claim 55 % wherein 
said internal logic comprises a mode register. 

57. (Previously Presented) An integrated circuit memory chip comprising: 

a circuit package; 

a plurality of pins extending from said circuit package; 
an memory circuit inicnial to said circuit package; 
a plurality of pin assignments coupled to said memory circuit; and, 
a remap multiplexer contained within said circuit package of said i ntegrated circuit 
memo ry chip, said remap multiplexer coupling said plurality of pins lo said plurality of internal 
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pin assignments, and comprising a control input, wherein snid conirol signal is swilchable from a 
first state where said remap multiplexer couples snid plurality orpins tasaid internal pin 
assignments, to a second state where said remap multiplexer routes at least one of said pins to a 
di ffcrcnt one of said internal pin assignments. 

58. (Currently amended) A memory module comprising: 
a substrate; 

at least one memory chip mounted on said substrate defining a first memory bank, each 
said at least one memory chip comprising: 

a circuit package within said m eniory chifi; 
a plurality orpins extending from said circuit package; 
an memory circuit internal to said circuit package; 
a plurality of pin assignments coupled to said memory circuit; and, 
a remap multiplexer contained within said circuit, package j>f^ujjiLcniory chip, 
said remap multiplexer coupling said plurality of pins to said plurality of internal pin 
assignments, and comprising a control input, wherein said control signal is switchable 
from a first state where said remap multiplexer couples said plurality of pins to said 
internal pin assignments, to a second state where said remap multiplexer routes at least 
one of said pins to a different one of said internal pin assignments; 
at least one additional memory chip substantially identical to said at least one memory 
chip mounted on said substrate defining a second memory bank, said additional memory chip 
comprising: 

a circuit pactogejj^m_said at least on e additional memory chin; 

a plurality of pins extending from said circuit package; 

an memory circuit internal to said circuit package; 

a plurality of pin assignments coupled to said memory circuit; and, 

a remap multiplexer contained within said circuit packagejo f said at leagtjpnc 
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additio nal memory c hip, said remap multiplexer coupling said plurality of pins io said 
plurality of internal pin assignments, and comprising a control input, wherein said control 
signal input is switchable from a first state where said remap multiplexer couples said 
plurality of pins to said internal pin assignments, to a second state where said remap 
multiplexer routes at least one of said pins to a different one of said internal pin 
nssiimments^herei n said pin as signments of said firs t memory bank and, snidjnn 
assi gnments o f said secon d memory ba nk have in ternal assi gnments foHikc limcjions; 
a plurality of pads mounted along one edge of said substrate; and, 
a plurality of circuit traces, each circuit trace coupling one pad to said first and second 
memory hanks. 

59. (Original) A memory module according to claim 58. wherein said substrate further 
comprises a first major surface and a second major surface, said first memory bank mounted to 
said first major surface of said substrate, and said second memory bank mounted to said second 
major surface of said substrate. 

60. (Original) A memory module according to claim 59, wherein said first and second memory 
banks comprise the identical number and configuration of memory chips, and said memory chips 
mounted on said second major surface of said substrate align in register with said memory chips 
mounted on said first major surface. 

61 . (Original) A memory module according to claim 60, wherein said substrate further 
comprises a plurality of vias, each of said vias adjacent to, and coupling a select one of said 
plurality of pins on said memory chips on said first major surface to a select one of said plurality 
of pins on said memory chips on said second major surface. 

62. (Previously Presented) A memory module according to claim 61, wherein: 
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each said memory chip comprises a plurality or address pins arranged bilaterally 
symmetrical: 

cadi of said plurality of address pins is associated with a respective one of a plurality of 
internal address pin assignments; and. 

said plurality ofvias positioned on said substrate such that each via is adjacent to, and 
couples a select one of said plurality of address pins comprising a first pill assignment and 
positional oit said first major surface, to a select one of said plurality of address pins comprising 
a second pin assignment different from said first pin assignment, and located on said second 
major surface, to a respective one of said plurality of circuit traces, and wherein said remap 
multiplexers in said first bank are switched to said first state, and said remap multiplexers in said 
second bank are switched to said second stale. 

63. (Previously Presented) A memory module according to claim 6 1 , wherein: 

each said memory chip comprises a plurality of command pins arranged bilaterally 
symmetrical; 

each of said plurality of command pins associated with a respective one of a plurality of 
internal control pin assignments; and, 

said plurality of vias are arranged on said substrate such that each via is adjacent to, and 
couples a select one of said plurality of command pins comprising a first pin assignment and 
positioned on said first major surface, to a select one of said plurality of command pins 
comprising a second pin assignment different from said first, pin assignment, and located on said 
second major surface, to a respective one of said plurality of circuit traces, and wherein said 
remap multiplexers in said first bank arc switched to said first stale, and said remap multiplexers 
in said second bank are switched to said second stale. 

64. (New) An integrated circuit memory chip comprising: 
a circuit package; 
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a first multiplexer contained within a memory controller of said circuit package said first 
multiplexer comprising a first input, a second input, u control signal input, and an output; 

a second multiplexer contained within a memory controller or said circuit package said 
second multiplexer comprising a first input, n second input, ft control signal input, and an output.; 

u first pin extending from said circuit package and coupled to said first input of said first 
multiplexer and said second input of said second multiplexer, 

a second pin extending from said circuit package and coupled to said second input of said 
first multiplexer and said first input of said second multiplexer; 

a first pin assignment coupled to said output of said first multiplexer; 

a second pin assignment coupled to said output of said second multiplexer; and, 

a circuit coupled to said first and second pin assignments, wherein said first and second 
multiplexers are switchablc between a first stale wherein each said first and second multiplexers 
connect said first input to said output, and a second stale wherein each said first and second 
multiplexers connect said second input to said output. 

65. (New) An integrated circuit memory chip comprising: 
a circuit package; 

a circuit contained within said circuit package; 

a plurality of pins extending from said circuit package; and, 

a remap multiplexer contained within a memory controller of said circuit package, said 

remap multiplexer comprising: 

a first multiplexer comprising a first input, a second input, a control signal input, 
and an output, said first input coupling to a first one of said pins and said second input 
coupled to a second one of said pins; 

a second multiplexer comprising a first input, a second input, a control signal 
input, and ail output, said first input coupled to said second one of said pins and said 
second input coupled to said first one of said pins; 
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a first pin assignment coupling said output or said first multiplexer to said circuit; 

ami, 

a second pin assignment coupling said output ofsaid second multiplexor to said 
circuit, wherein said remap multiplexer is swilchablc between a first stale wherein each 
said first and second multiplexers connect snid first input to said output, and a second 
state wherein each said first and second multiplexers connect said second input to said 
output. 

66. (New) An integrated circuit memory chip comprising: 
a circuit package; 

a plurality of pins extending from said circuit package; 

an memory circuit internal to said circuit package; 

a plurality orpin assignments coupled to said memory circuit; and, 

a remap multiplexer contained within said memory circuit or said circuit package, said 
remap multiplexer coupling said plurality of pins to said plurality of internal pin assignments, 
and comprising a control input, wherein said control signal is switchable from a first state where 
said remap multiplexer couples said plurality of pins to said internal pin assignments, to a second 
slate where said remap multiplexer routes at least one or said pins to a different one ofsaid 
internal pin assignments. 
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